Introduction: The positron emission tomography with computerized tomography is a valuable machine in identifying tumors -it can determine the exact size and position of the cancer, as well as the effect of therapy. The duality of this technique provides information on the metabolic activities of the neoplasm and a precise anatomical location. Aim: The aim of this study was be to determine the diagnostic performance of FDG PET/CT in detection of recurrent disease and to determine the stage of the disease after the application of therapy in patients with cervical carcinoma. Material and methods: In this study, a total of 38 patients were included, in whom FDG PET/ CT was made from 2010 to 2017. The diagnostic contribution of FDG PET/CT in the detection and identification of the recurrence of cervical cancer was determined by calculating the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV). Results: The sensitivity, specificity, PPV, NPV and diagnostic accuracy of FDG PET/CT in the detection of local and distant relapses of cervical carcinoma were 90%, 75%, 93.1%, 66.7% and 86.8%, respectively. There were 27 true positive, 2 false positive, 6 true negative and 3 false negative findings.
Introduction
Cervical carcinoma is the second most commonly diagnosed tumor in the female population in the whole world, and the third most common cause of death due to malignant diseases (1) . Although the incidence of this disease is significantly declining in developed countries of the world, in less developed parts, cervical cancer is still one of the most significant causes of mortality (2) . One of the major causes of this malignant disease is the persistent infection with Human papillomavirus, and oncogenic types 16 and 18 (3) . Two thirds of cervical cancer are squamous cell carcinoma, adenocarcinomas constitute 15-20%, while other percentages are other histological variants (light cell carcinoma, neuroendocrine and adeno-squamous carcinoma) (4) .
As a screening test for the presence of a malignant disease, a cytological examination of the cervix (Papanicolaou test) is routinely applied. However, the percentage of false-negative results is often up to 50%. Patients with a pathological finding of cytology are referred to colposcopy examination, while the definitive diagnosis of the disease is established by biopsy of the cervix (5) .
After establishing a pathohistological diagnosis of the disease, visualization diagnostic methods, primarily computerized tomography (CT) and magnetic resonance imaging (MR), are used to define the status of lymph nodes and to assess the local extension of the disease, as well as the decision of therapy (6) . The cervical cancer stage is clinically determined using the FIGO classification (7) .
Positron emission tomography with computerized tomography and the application of radiopharmaceutical 18-F fluorodeoxyglucose as an analogue of glucose (FDG PET/CT), is an advanced imaging method that plays an important role in the detection and monitoring of oncological diseases. The application is based on the visualization of metabolically active tumor lesions, which forms the basis of this functional morphological imaging (8) .
The use of FDG PET/CT in the evaluation of cervical cancer is related to the assessment of initial disease expansion, with significantly greater sensitivity and specificity in the detection of metastases in regional lymph nodes, as well as distant metastases compared to conventional imaging methods (CT and MR). Also, a significant influence of this method was recorded in the evaluation of the response to the therapy and the prognosis of this disease (9) .
The aim of this paper was to examine the diagnostic ability of FDG PET/CT in the detection of local and distant cervical cancer recurrences and the role of PET/ CT in evaluating response to therapy, as well as analyzing the relationship between quantitative PET parameters of detected lesions with the response to therapy.
Material and methods

Study population
In this retrospective study, patients were included in whom a FDG PET/CT examination that was performed in the National PET Center of the Clinical Center of Serbia in Belgrade after the resection of cervical cancer, due to suspicion of relapse of the disease. The criteria for the inclusion in the study were: resection of histopathologically confirmed cervical cancer, time elapsed after surgery of at least 3 months, and monitoring data after the FDG PET/ CT examination for at least 12 months. After exclusion of [15] [16] [17] [18] [19] [20] patients with incomplete data, a total of 38 patients (middle age 49.7 ± 13.5) were included in this study.
Procedures
The FDG PET/CT examination was performed on patients with signs and symptoms of the recurrence of cervical cancer; with negative or unclear MDCT and/or MR findings; and /or laboratory relapse indicators. For the time period of at least 12 months of follow-up, the results of pathohistological tests, visualization diagnostic methods, including FDG PET/CT examinations, as well as the results of laboratory analyzes, were collected. Findings of FDG PET/ CT were compared with histopathological findings or with clinical results and follow-up by other imaging methods.
Acquisition and interpretation of findings
The FDG PET/CT recording was performed on a 64-bit PET/CT apparatus (Biograph, TruePoint64, Siemens Medical Solutions, Inc. USA) at the National PET Center in Belgrade. After a fasting period of 6-8 hours, patients were given F18-FDG at a dose of 5.5 MBq/kg bodyweight. After a low-dose CT scan (120 kV, modulated power current, with a width of up to 5mm), PET recording was done (in 7-8 "bed" positions, lasting 3 minutes per bed), from the base of the skull to half of the femur. Semi-quantitative analysis of the uptake of FDG by the pathological tissue was performed by calculating the maximum standardized uptake value of radiopharmaceuticals (SUV max), calculated using the formula: tissue activity (impulse/pixel/s) multiplied by the calibration factor divided by the applied activity FDG (MBq/kg body weight).
If any focus of abnormal FDG accumulation was observed, after exclusion of benign and physiological causes, the FDG PET/CT finding was considered positive. The final diagnosis of the disease was done by histopathological examination (after biopsy or surgical treatment) or based on the results of laboratory and other visualization methods. A truly positive finding (TP) was confirmed during the followup in the first 6 months after the initial FDG PET/CT test, histopathological examination or other visualization methods. In case of detection, of at least one focus of the increased FDG accumulation being considered malignant, and not confirmed by monitoring methods in the first 6 months, the finding was considered false positive (FP). A true negative finding (TN) was considered in the case of a confirmation of the absence of the disease during the first 6 months of follow-up after the initial FDG PET/CT examination, while the detection of the disease in the first 6 months of follow-up after a negative FDG PET/CT examination was considered to be a false negative finding (FN). The progression of the disease was the emergence of new lesions, an increase in the size and /or metabolic activity of existing lesions, as well as death caused by the underlying disease.
In continuation of the data analysis, the serial FDG PET/CT examination based on the change in the number, size, and metabolic activity of the lesions detected, was used to evaluate the response to therapy. Also, on the basis of SUV max, the most intense lesions were divided into two groups: group 1, consisting of patients with SUV max most active lesion below the mean SUV max of all lesions, or group 2, consisting of patients with SUV max lesions above the SUV max mean. Also, patients were divided into two groups based on the effects of therapy: group A, without response to therapy, and group B, with favorable response to therapy. The influence of the quantitatively determined metabolic activity of the most intense lesion in patients with an initially positive PET/ CT finding, expressed as SUV max, on the effect of the applied therapy was examined.
Statistical analysis
Descriptive statistical analysis methods were used in statistical data processing. Diagnostic contribution of FDG PET/CT in the detection and identification of the recurrence of cervical uterine carcinoma was determined by calculating the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and diagnostic accuracy based on the following formula: The association of SUV max of the most intense lesion and the effect of applied therapy was examined using the Chi-square test. The values of p < 0.05 were considered statistically significant.
Results
In our study, a total of 38 patients with the cervical cancer diagnosis were included in the post-therapeutic follow-up on FDG PET/CT testing.
A total of 99 FDG PET/CT studies were performed, out of which 25 patients had two PET/CT scans, 6 patients had three PET/CT scans, while the remaining 7 patients had four or more PET/CT scans.
Initially, the FDG PET/CT scans showed zones of increased accumulation of radiopharmacs that indicated the presence of the underlying disease in 29 cases. Out of these, 9 patients had pathological accumulation in the uterus, indicating a local recurrence. In 15 cases, pathological accumulation zones were observed in the lymph nodes. In 4 patients, PET/CT scans indicated changes in elevated glucose metabolism in the lungs, while multiple patients with disseminated pathological accumulation of radiopharmaceuticals were observed in 5 patients. Figure 1 shows FDG PET/CT image of a patient with focally elevated metabolism of glucose in the uterus, indicating a local recurrence ( figure 1) .
Subsequent testing confirmed the existence of a recurrence of cervical cancer in 30 patients. By comparing the results of the initial PET/CT test with the pathohistological examination and clinical and radiological monitoring, a positive finding of FDG PET/CT was confirmed in 27 patients, making these findings true-positive, while in two cases, the subsequent examination did not show the presence of the underlying disease (false-positive). In 6 out of 9 negative findings, there was no recurrence of cervical cancer, which makes these findings true negative. In the remaining 3 cases, follow-up during the first 6 months after the initial PET/CT scan was detected by the underlying disease, which classifies these scans as a false-negative group. These results are shown in table 1. Figure 2 shows FDG PET/CT findings of a patient with a local relapse in the uterus (later pathohistologically confirmed) and secondary deposits in the parailiatic and obturatoric lymph nodes.
Based on previous results, the calculated sensitivity, specificity, positive predictive value, negative predictive values and diagnostic accuracy of FDG PET/CT in the detection of local and distant recurrences of cervical cancer were 90%, 75%, 93.1%, 66.7% and 86.8%, respectively.
After the initial FDG PET/CT scan, 30 out of 38 patients were given a particular form of therapy (surgical treatment and/or chemo-radiotherapy). Using control FDG PET/CT scans, as well as clinical and laboratory monitoring of patients included in the study, the progression of the disease was observed in 16 patients. Complete remission of the disease was detected in 8 cases, partial remission of the disease in 5 cases, while stable disease was observed in 3 patients. In the rest 6 cases with initially negative FDG PET/CT findings, the disease was not observed during monitoring (table 2).
The influence of SUV max on the most intense lesion on the effect of treatment in 29 patients with an initially positive PET/CT finding was analyzed. SUV max values in the lesions with the most intense accumulation of radiopharmaceuticals in the initial FDG PET/CT studies ranged from 2.8 to 17.0, with a mean SUV max of 9.4 ± 4.2.
In group 1, with SUV max less than 9.4, there were 15 patients, while group 2, with SUV max greater than showing an increased glucose metabolism in the uterus (pathologically confirmed recurrence of the cancer) and in obturator and parailiac lymph nodes (secondary deposits).
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patients were identified. The Chi-square test did not show significant association of the metabolic activity of lesions with the effects of therapy (p = 0.897).
Discussion
In our study, we examined the role of FDG PET/CT in the post-therapeutic evaluation of patients with cervical cancer. The study population consisted of 38 women who were subjected to FDG PET/CT examination at least twice during the follow-up.
The results of our study have shown significant reliability of this method in the detection of local and distant secondary deposits of the cancer, with high diagnostic accuracy of this method, as well as very high values of sensitivity and positive predictive value. Our results are in line with a number of other studies that have dealt with the use of functional morphological imaging in this area (10, 11) . This suggests that FDG PET/CT has a significant advantage in detecting all lesions in the underlying disease compared with conventional imaging, with a particular significance in the visualization of distant metastases, since it is a "whole body" visualization method (12) .
On the other hand, the specificity of FDG PET/CT in the detection of the recurrence of malignant cervical tumor in our study was somewhat lower (75%). This can be explained by a slightly higher accumulation of radiopharmaceuticals of benign etiology (inflammation) in regional and distant lymph nodes. These results agree with the results published by other authors (9), but there are also studies with other results that differ. Specifically, some authors have reported that FDG PET/CT has lower sensitivity in the detection of secondary deposits in the pelvic lymph nodes, with greater specificity, which is contrary to our results (13) .
The FDG PET/CT has been proven to be a very important method, both in the preoperative, as well as in postoperative evaluation of patients with cervical cancer, with a great influence on the planning of therapy, primarily on radiotherapy planning, resulting in more effective treatment with a lower radiation dose on healthy tissues (14) .
Also, the great benefit of this functional morphological imaging in the monitoring of the effects of chemo-radiotherapy has been demonstrated, both in the evaluation of the change in the number and size of lesions, as well as in the change in the intensity of the metabolic activity of the primary tumor and secondary deposits (14) . The assessment of the effects of chemo-radiotherapy using FDG PET/CT testing is based on the application of the PERCIST criteria (PET Response Criteria in Solid Tumors), which, apart from the size of the changes, takes into account the intensity of the accumulation of radiopharmaceuticals (15) . The FDG PET/CT has proven to be a very important method in this study, which can, with great reliability, show the effect of the applied therapy.
The quantitative parameters obtained by FDG PET/ CT testing have been used in evaluating the therapeutic response of various types of malignancies. This relates primarily to SUV max of certain lesions. A positive response to therapy, demonstrated by a significant reduction of SUV max of the primary cervix tumor in preoperative circumstances, proved to be a significant predictor of a good therapeutic response, better prognosis of disease and prolonged survival (16) . Also, a more predictive significance of PET quantitative parameters was observed, in relation to the quantitative parameters obtained by conventional radiological imaging, such as ADC (apparent diffusion coefficient) obtained using MR (16) . In our study, we examined only the effect of SUV max of the most intense lesion on the initial FDG PET/CT test with the response to therapy. Our study did not show a significant correlation between the metabolic activity of recurrent lesions with a response to therapy. This study had certain limitations. First, the study was retrospective. Also, the limiting factor was the small number of subjects, which was encompassed by a relatively large number of total FDG PET/CT tests. Our sample was not homogeneous, with regard to the applied therapy before and after the FDG PET/CT testing.
Conclusion
The results of this study have shown that FDG PET/ CT is a reliable and highly sensitive method in the detection of loco-regional and distant recurrent cervical carcinoma.
The significance of FDG PET/CT in the evaluation of patients with cervical cancer is reflected in the highlighted ability of this method in monitoring the effects of therapy. The metabolic activity of the lesions did not show any significant effect on the therapeutic response.
